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Abstract

Background: The acute inhalation of endotoxin mimicks several aspects of the inflammation related to chronic
obstructive pulmonary disease (COPD). The aim of the current study was to identify and to validate biomarkers of
endotoxin-induced airways’ inflammation.

Methods: The cellular count in the induced-sputum, was measured before and after an inhalation of 20 mcg
endotoxin, in 8 healthy volunteers. A proteomic analysis was applied to identify the more relevant proteins
expression, before measurement by ELISA. The amplitude and the repeatability of the markers were evaluated
among another population of 12 healthy subjects.

Results: There was a significant rise of viable cells (p <0.01), macrophages (p <0.05), and neutrophils (p <0.02)
24 hours after endotoxin inhalation, and of neutrophils (p <0.02) and lymphocytes (p <0.05) at 6 hours. Among the
highest amplitude responses, the two dimensional electrophoretic separation shown proteolytic activity and
overexpression of protein spots. By MALDI-TOF mass spectrometry, the last were identified as calgranulin A and B.
The expression of the bioactive A/B heterodimeric complex was confirmed by ELISA both in the sputum (p <0.01)
and at the blood level (p <0.01). The intra-subject repeatability of the sputum calgranulin A/B was highly significant
(p <0.0001).

Conclusion: In healthy subjects, the inhalation of endotoxin induced expression of sputum calgranulin A/B that
could be a biomarker of the endotoxin response/exposure.
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Background
Endotoxin and its purified derivative lipopolysaccharide
(LPS) are pro-inflammatory constituents from Gram-
negative bacteria, present in a variety of occupational
and home environments [1] and in cigarette smoke [2].
In the airways, LPS is signalling through the Toll-like
receptor-4 (%TLR4), expressed by the stromal cells of
the lung [3].
In healthy subjects, an acute inhalation of LPS produces

fever and flu-like symptoms, a rise of sputum polymorpho-
nuclear neutrophils (sPMN) and inflammatory mediators,
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a blood increase and activation of neutrophils and an in-
crease of the C-reactive protein (CRP) [4-6]. It was pro-
posed that this inflammatory response could be a model
to evaluate anti-inflammatory drugs [7-10]. However the
limitation is the large inter- and intra-subject variation of
the amplitude of the response [11,12], due to both genetic
factors and methods to measure the inflammatory re-
sponse [13]. One important factor of variation is the saliva
contamination during the plugs selection. To improve the
strength of the LPS model, there is a need for a valid bron-
chial inflammatory marker, in regard with the neutrophilc
activation.
In the present study, larger responders to LPS inhal-

ation were selected among a group of healthy subjects.
Instead of measurement of a number of markers of cells
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activation, a proteomic analysis was applied to identify
possible markers of the lung injury among the selected
subjects and to evaluate the saliva contamination. Then,
the highlighted biomarkers were measured by ELISA
among all the subjects. Afterwards, the repeatability of
the biomarker was evaluated in both sputum and serum.

Methods
Subjects
Population A. Nine healthy non smoker volunteers of
age 18–50 were able to produce an adequate induced-
sputum (defined as viability of > 70%, squamous cells
< 50% and a percentage of PMN < 50%). The reason to
select subjects with a low basal inflammation (< 50%
PMN) was to increase the chance to observe a larger in-
flammatory response to LPS, before proteomic analysis.
One subject having declined to participate to the LPS
challenge, eight subjects (subjects 1 to 8) were included
(36.7 (± 2.4) years; F/M = 4/4). The study was approved,
by the Ethical Committee (decision number 04-03-7/
2617 of the National Register) of the Institution (CHU
St-Pierre).
Population B. A second population of 12 healthy non

smoker volunteers (subjects 9 to 20) was included (37.2
(±2.3) years; F/M = 9/3). They were able to produce an
adequate induced-sputum without limits of the % of
PMN. The study was approved by the Ethical Commit-
tee (decision CE2010/09 13-01-2010) of the Institution
(CHU Brugmann).
Informed written consent was obtained in each subject

from both populations.

General design
On day 0, a sputum was induced (defined as basal spu-
tum) among the subjects of population A. On days 14
and 28, each subject was exposed to LPS by inhalation.
An induced-sputum was sampled at 6 or 24 hours, in
random order, after each LPS exposure. By doing so, we
avoided an interference of saline [14] and repeated LPS
inhalations [15] on the response to LPS. The procedure
of LPS challenge has been previously reported [4,12].
Briefly 20 μg of a suspension of LPS (Escherichia coli
026:B6 from Sigma Chemical, St Louis, MO -ref L-2654)
was administered by a Mefar dosimeter MB3 (Mefar,
Brescia, Italy). Symptoms, oral temperature, forced vital
capacity (FVC), forced expiratory volume in 1 second
(FEV1) and the FEV1/FVC were recorded before and
hourly after LPS.
In the 2d part of the study, the population B was chal-

lenged with inhaled LPS. The blood was sampled before,
6 and 24 hours after LPS, while the sputum were in-
duced 7 days before and 24 hours after the LPS chal-
lenge. To evaluate the reproducibility of the response,
the LPS challenges were repeated after a 2 weeks of
wash-out. This period is enough, since we have shown
previously that the LPS induced sputum inflammation
normalized after 7 days [15]. The mean of each param-
eter was calculated.

Induced sputum
Hypertonic sterile saline (5%) was nebulized for 30 mi-
nutes with an ultrasonic nebulizer (Fisoneb; Karapharm,
Marseille, France); subjects rinsed their mouth with
water every 10 minutes and tried to cough sputum dir-
ectly into a sterile plastic box. After selection of all por-
tions of sputum as free as possible of saliva [16], the
plugs were weighed, mixed with 4 volumes of dithiotrei-
tol 0.1% (Sputolysin; Behring Diagnostics, Somerville,
NJ), homogenised and rocked for 15 min. before adding
4 volumes of Dulbecco’s PBS. After filtration and centri-
fugation (15 minutes at 800 g) the supernatant was fro-
zen at -80°C while the pelleted cells were resuspended in
PBS. The number of total cells was measured with a
Thoma’s hemocytometer. The cell viability was assessed
by the Trypan blue method. A slide was prepared by
centrifugation (Cytospin, Shandon Inc, Pittsburgh, PA)
and stained with May-Grünwald-Giemsa. The percent-
age of the cells were counted on a total of 400 cells.

Proteomic analysis of the sputum
Prior to two dimensional electrophoretic separation, su-
pernatants of sputa were extensively dialysed against
rehydratation buffer (8 M urea, 2% (w/v) CHAPS, phar-
malyte 2% (v/v) and 50 mM DTT). 50 μg of proteins
were then subjected to isoelectric focusing on immobilized
pH gradient (IPG) strips (pH 3–10; NL; 18 cm; Amersham
Pharmacia Biotech, Sweden). The first-dimension isoelec-
tric focusing was carried out as previously described [17].
For the second dimension, thin precast horizontal gels
(ExcelGel XL SDS 12–14, Amersham Biosciences) were
run for three hours at 40 mA. Gels were stained with a
mass spectrometry compatible silver staining procedure as
described previously [17].

Proteins identification
The silver-stained protein spots of interest (taking into
account the intensity and repeatability of the spots) were
cut out and distained by incubation of gel pieces in
200 μl of 0.003 mM K4[Fe(CN)6], 0.01 mM Na2S2O3 for
15 minutes. Gel pieces were then washed twice in
25 mM NH3HCO3 for 15 minutes under gentle agitation
at room temperature, followed by two 15 minutes
washes in 25 mM NH3HCO3, 50% (v/v) CH3CN. After
Speed vacuum dehydration, 10 μl of a 0.02 μg/μl trypsin
solution in 25 mM NH3HCO3 (Promega Madison), were
added, and samples were incubated overnight at 37°C.
Tryptic digestion was stopped by addition of 1 μl of 5%
(v/v) formic acid. For MALDI-TOF analysis, 1 μl of each
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sample was mixed with 1 μl of matrix (5 mg/ml æ-cy-
ano-4-hydroxycinnamic acid and 0.5 pmol/μl rennin as
internal standard, in 25% (v/v) ethanol, 25% (v/v) aceto-
nitrile, 0.05% (v/v) TFA), then spotted onto a MALDI
sample plate and allowed to air dry. MALDI-TOF was
performed using a M@ldi™ mass spectrometer (Micro-
mass, Manchester, UK) equipped with a 337 nm nitro-
gen laser. The instrument was operated in the positive
reflectron mode with 15 kV of source voltage, 2.5 kV of
pulse voltage and 2 kV of reflecting voltage. Proteins
identification was realized using ProteinLynx global ser-
ver (Micromass) in Swiss-prot (release 54.2) and
TREmBL (release 37.0) database without species restric-
tion, using mass tolerance of 100 ppm, carbamidometh-
ylation of Cysteine as fixed modification and oxidation
of methionine as variable modification.

Calgranulin assays in sputa and sera
Due to the presence of large amount of reducing agent,
sputa were extensively dialysed against 50 mM Tris–HCl
pH 7.4 at 4°C before calgranulin assay by ELISA. Calgra-
nulin A and B and calgranulin A/B complex, were assayed
in sputa (from population A) using the calgranulin A and
B assay kits from DPC (USA), and the calgranulin assay
kit from BMA biochemical (CH), respectively, following
manufacturer instructions. Calgranulin A/B complex was
assayed in sera and sputa of population B, using the cal-
granulin assay kit from BMA biochemical (CH, product
code: S-1011). The lower limit of sensitivity of the assay is
20 ng/mL. Sputa were tested undiluted.

Interferon-gamma (IFN), Interleukin-6 (IL-6) and
interleukin-8 (IL-8) assays in sputa
The concentrations of IL-6, IL-8 and IFN in the superna-
tants of the sputa were measured by flow cytometry, using
the Cytometric Bead Array Human Inflammatory Kit from
BD Biociences (San Jose, CA), with a theoretical limit of
detection 2.5 pg/mL for IL-6 and 3.6 pg/mL for IL-8.

Statistics
The data were expressed as means ± SE, after log trans-
formation when required. Means were compared by
paired or non-paired t-tests. Repeatability was assessed
by plotting the differences between repeated measure-
ments against the mean of the repeated measures, and
testing whether the mean differences was significantly
different from 0 (method of Bland and Altman) [18]. As-
sociations were assessed by linear regression analysis. A
p value < 0.05 was considered as significant.

Results
The response to inhaled endotoxin in population A:
Except subject 4 who complained of slight fatigue and

headache, there was no significant symptom, and on
response of lung function or fever 24 hours after LPS.
At the sputum level, the rise of log PMN was significant
6 and 24 hours after LPS, while the lymphocytes rose at
6 hours and the macrophages at 24 hours (Figure 1).
The significant rise of the total protein concentrations

(p < 0.02) and of the total viable cells (p < 0.02) into the
sputum, 24 hours after LPS, were characterized by vari-
able amplitude between the subjects (Figure 1). The
three subjects displaying the larger response (subjects 3,
6, 8) were selected to evaluate the protein content by
2DE approach.
A two dimensional electrophoretic separation was ap-

plied on the sputum supernatants. The contamination of
the sputum samples by saliva was excluded because
major salivary proteins, Cystatine S, Amylase and Lyso-
zyme, were observed on saliva gel and clearly absent in
the sputum (Figure 2). The reproducibility of sputa ana-
lysis by 2DE was tested by running three times the same
sample and analyzing, by use of PDQuest, the resulting
gels in terms of spot numbers and relative intensity for
40 randomly selected spot. There was no significant dif-
ference between these triplicates (data not shown). The
inter-individual variability has also been tested. In this
context, three sputa samples, at the basal state, from dif-
ferent subjects were analysed by 2DE. While the protein
profile and number of spots seemed very similar, the
relative intensities of 40 randomly selected spots showed
significant differences. Nevertheless, this inter-individual
variability was in the range of what is generally observed
for other biological fluids.
Compared to time 0, at times 6 and 24 hours after

PLS, a decrease in intensities of protein spots of human
serum albumin (HSA) was observed, in association with
the expression of a number of protein spots correspond-
ing to HSA fragments (shown by decrease of MW in
SDS page), suggesting the occurrence of a proteolytic ac-
tivity (Figure 3). A significant increase in two others pro-
tein spots was highlighted (Figure 3). Mass spectrometry
analysis identified these protein spots as calgranulin A
and B.
Then, the calgranulin A and B concentrations were

measured by ELISA in the sputa of all subjects of the
population. We observed an increase (though not signifi-
cant) of calgranulin A but not of calgranulin B, 24 hours
after LPS. In fact, the calgranulin A and B are secreted
as a heterodimeric complex which are not well assayed
by the ELISA for the calgranulin monomers. Consist-
ently, calgranulin A/B heterodimeric complex testing re-
vealed a significant increase in the sputum supernatant,
6 (p < 0.05) and 24 hours (p < 0.01) after LPS (Figure 4).

The response to inhaled endotoxin in population B
The mean squamous cells was 66.7 (± 21.1) cells/μL cor-
responding to 6.9 (±1.9)% of the total cells, suggesting a
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Figure 1 The sputum cells response induced by LPS. A: The mean values of the total and viable cell count. B and C: the mean changes of
the cells differential (expressed in absolute (B) and relative (C) values) before, 6 and 24 hours after LPS inhalation. D/E: The individual changes of
the total viable cell count (D) and of the concentration of proteins (E) from the sputum, before, 6, 24 hours and 7 days after LPS inhalation.
Results are expressed as means (±SE). Statistics: paired t-tests. * p > 0.05; ** p < 0.02; *** p < 0.01.
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low saliva contamination, according to the proteomic ana-
lysis in population A. A significant neutrophilic response
with an expression of calgranulin A/B complex was con-
firmed 24 hours after LPS in the sputum (Figure 5A-B).
There was also a rise of neutrophils and calgranulin A/B
Figure 2 The 2DE analysis of sputum compared to saliva. The
major salivary proteins, Cystatine S, Amylase and Lysozyme, were
observed on saliva gel and clearly absent in the sputum.
complex after 6 hours at the blood level, that normalized
at 24 hours (Figure 5D-E). At the basal state, the sputum
concentration of calgranulin A/B was not correlated with
the PMN in sputum. Conversely, the LPS-induced rises of
sputum calgranulin correlated significantly (p < 0.0001)
with the rise of PMN (Figure 5C). At the blood level the
calgranulin A/B expression correlated (but less signifi-
cantly, p < 0.03) with the rise of neutrophils (Figure 5F).
The challenges were repeated at 2 weeks interval. The

Bland and Altman analysis (the differences against the
means, between the day 1 and 7) showed significant re-
peatability both for the sputum calgranulin and neutro-
philic responses. While there was a significant linear
correlation between post-LPS sputum calgranulin A/B
repeated at 2 weeks intervals, it was not significant for
the sputum post-LPS neutrophils (Figure 6). In fact, the
figure shown that the repeatability of PMN post-LPS
was related with the amplitude of the PMN response,
larger responses being less repeatable (Figure 6). The re-
peatability of both the neutrophilic and the calgranulin
responses were not significant at the blood level
(Figure 6).
The cytokines Il-6 and IL-8 increased significantly after

LPS inhalation (from 8.2 ± 2.2 to 104.7 ± 36.1 pg/mL, p < 0.02
and 800.4 ± 175.9 to 2416.2 ± 782.9 pg/mL, p < 0.05, re-
spectively). When the LPS inhalation was repeated at two



Figure 3 The 2DE analysis of LPS induced sputa. Samples collected after different recovery time (0, 6 and 24 hours) after LPS inhalation were
analyzed by 2DE and compared. This analysis clearly shows HSA degradation (A) and a rise in calgranulin A and B abundance (B and C).
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weeks interval, the correlation was significant for each re-
peated marker (r = 0.79 p < 0.01 and r = 0.61, p < 0.05 for
IL6 and IL8, respectively). Compared to calgranulin, the
sputum concentrations of IL6, IL8 and PMN count were
less repeatable after LPS inhalation at 2 weeks interval
(Table 1).

Discussion
An inhalation of endotoxin induced expression of the
calgranulin A/B heterodimeric complex, at the sputum
and blood levels. The rise of the sputum calgranulin A/B
complex and PMN were significantly repeatable and re-
lated, in a given subject.
Instead of measuring several inflammatory parameters,

we chose the proteomic approach to identify the end-
A

Figure 4 The sputum calgranulin response induced by LPS. A: the me
before, 6 and 24 hours after endotoxin inhalation. B: the individual values o
before, 6 and 24 hours after endotoxin inhalation. Statistics: paired t-tests. *
points, after having selected the subjects characterized
by a larger amplitude response. Indeed, the present
study confirmed that the changes in the cells count and
the protein concentration induced by an endotoxin in-
halation, is highly variable between subjects [8,9], this in-
dividual variability being associated with several gene
polymorphisms [19,20].
The proteomic analysis on bronchoalveolar lavage

fluid (BALF) has been used successfully for the detection
of biomarkers in COPD or cystic fibrosis [21,22]. How-
ever sampling of BALF requires bronchoscopy, an inva-
sive procedure that cannot be performed in all patients
and/or repeated in healthy subjects. Though, the tech-
nique of induced sputum can be repeated at different
time-points in a given subject. Available data have
B

an (±SE) concentrations of calgranulin A/B complex (ELISA) in sputum
f the calgranulin A/B heterodimeric complex concentration in sputum
p < 0.05, *** p < 0.01.
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Figure 5 The relationship between the calgranulin and neutrophilic responses induced by LPS. The LPS-induced inflammatory response in
the 2d population. A: the significant increase of sputum calgranulin A/B complex, 24 hours after endotoxin inhalation. B: the significant rise of the
neutrophils (PMN) in the sputum, 24 hours after endotoxin inhalation. C: the linear correlation between the rises in sputum calgranulin and
sputum PMN, at 24 hours after LPS inhalation, compared to basal value. D: the significant increase of blood calgranulin A/B complex, 6 hours after
endotoxin inhalation. E: the significant increase of blood neutrophils, 6 hours after endotoxin inhalation. F: the linear correlation between the rises
in blood calgranulin and blood PMN, 6 hours after LPS inhalation, compared to basal value. Statistics: paired t-tests. *** p < 0.01, **** p < 0.001.
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C D

Figure 6 Assessment of repeatability of the sputum/blood calgranulin A/B and neutrophils, induced by inhaled LPS. The linear
significant correlation between post-LPS sputum calgranulin A/B repeated at 2 weeks interval, among 11 subjects (A). The absence of significant
correlation between repeated (at 2 weeks interval) post-LPS neutrophils (B), blood calgranulin (C) and blood neutrophilia (D).
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Table 1 Linear correlation of sputum biomarkers after
repeated LPS inhalation at 2 weeks interval

Sputum biomarkers n F-test r p

Calgranulin 12 77.0 0.95 < 0.0001

IL-6 12 16.3 0.79 0.0024

IL-8 12 5.7 0.61 0.0372

PMN (%) 10 4.1 0.58 0.0774

PMN (absolute value) 10 1.2 0.36 0.3051

Macrophages (absolute value) 10 0.2 0.16 0.6557
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provided a first “catalogue” of 191 sputum proteins ob-
tained by sputum-induction from healthy subjects [23];
the present data confirm that the intra- and inter-
individual repeatability of 2DE was suitable for sputum
proteome analysis and that the contamination by saliva
was not significant.
In response to endotoxin inhalation, two major phe-

nomena can be distinguished at the proteome level.
Firstly, an important proteolytic activity was suggested by
the disappearance of whole albumin and by the increase
in the amount and the number of albumin fragments on
the 2D map. Consistently, in airways inflammatory dis-
eases, the proteomic analysis identified extensive protein
degradation such as in cystic fibrosis (sputum) [22], or in
smokers with COPD (BALF) [18]. Future studies will in-
vestigate the clinical relevance of this observation. The
second endotoxin induced phenomenon is the overex-
pression of calgranulin A and B. These proteins, also
called protein S100 or MRP (myeloid-related protein), are
calcium-binding proteins involved in many regulatory ac-
tivities such as the dynamic of cytoskeleton constituents,
cell growth and differentiation, and calcium homeostasis
[24]. These two proteins were assayed in sputa after LPS
inhalation, but only confusing variation were observed in
the present study. In fact, calgranulin A and B are secreted
as the tetramer formation of S100A8/A9 [24] having bio-
logical activity [25]. Our current data showed a significant
rise in abundance both at the blood and sputum levels of
the calgranulin heterodimeric A/B complex. Consistently,
Gray et al. reported that sputum proteomics, in inflamma-
tory and suppurating respiratory diseases, identified bio-
markers such as ELISA-measured calgranulin (heterodimer
of calgranulins A and B), which is clinically relevant and
associated with the treatment [26]. Wittkowski et al. have
shown that in 8 healthy subjects (compared to subjects ex-
posed to saline), S100A12 was elevated in bronchoalveolar
lavage fluid 6 hours after LPS inhalation [27]; we extended
these data, showing that the response was measurable
both in the induced-sputum and blood and it was larger
at 24 hours, compared to 6 hours.
The induced-sputum technique allowed repeating

samples in a given subject. By doing so, we can demon-
strated that the amplitude of the endotoxin-induced rise
of PMN and calgranulin A/B complex were significantly
reproducible in a given subject. Though, the LPS-
induced PMN, IL-6 and IL-8 responses were less repeat-
able. The calgranulin A/B complex rise from the non
apoptotic phagocytes is characterized by a larger ampli-
tude (increase more than 5 times) and by an immediate
diffusion into the mucus, that could explain a better re-
peatability, compared to the neutrophils.
In the present study, others soluble markers in the

sputum, such as IL-6 and IL-8 were reproducible after
repeated LPS inhalation, though with a lower signifi-
cance compared to the calgranulin. In regard with the
neutrophilic characteristics of the LPS induced inflam-
mation, this is probably due to the source of IL-6 and
IL-8 related to others cells than neutrophils such as
monocytes and lymphocytes. It is only recently, that the
question of repeatability of the LPS response has been
investigated. R Kitz et al. have published a first study
with repeated LPS challenges in human volunteers [7].
At the systemic level they reported a good repeatability
for the blood inflammatory proteins (CRP) and neutro-
philia, though there was a tendancy of rising the ampli-
tude of the response, in some subjects, after the 4th
repeated exposure. Except eNO (that did not change sig-
nificantly), there was no measurement of marker of
bronchial inflammation. In a more recent paper, O. Janssen
et al. reported a good reproducibility of sputum % of PMN
at 6 hours after an inhalation of a low dose (2 μg) LPS
[28]. Our results shown a less reproducibility of % of PMN
(r = 0.58, n = 10), that could be due to the sampling time
at 24 hours (instead of 6 hours), when the sputum % neu-
trophilia is decreasing (see Figure 1 of the present study).
They also measured MPO concentration in sputum that
was repeatable for the population as a whole [28]. While
the MPO and neutrophil elastase were not measured in
the present study, it would be an interesting comparator
in future validation experiments.
Innate immunity plays a primary role in infectious and

non-infectious diseases, which is initiated by the recog-
nition of microbial determinants, such as LPS [26]. In
concert with these pro-inflammatory substances, en-
dogenous molecules released by activated or damaged
cells, are able to activate the innate immunity mecha-
nisms. This group of molecules is called “endokines”,
“alarmins” or “damage-associated molecular patterns
(DAMP)”. One example of this substance group is the
phagocytes S100 proteins [24]. The DAMP are sensed by
the toll-like receptors (TLRs) and the receptor for ad-
vanced glycation end products (RAGE) [29]. The S100
proteins are calcium binding proteins and include more
than 20 different proteins. The S100A8 (calgranulin A or
MRP8) and S100A9 (calgranulin B or MRP14), are found
in cells of myeloid origin [30]. This is supported by the
current data showing a relationship between the LPS-
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induced rises in calgranulin and PMN. The S100A8 and
A9 proteins, up-regulate the adhesion receptor of phago-
cytes [31], bind to endothelial cells [30], and increases
the vascular permeability [32]. Vogl et al. have demon-
strated that S100A8 interacts with the TLR4-MD2 com-
plex, which represent an endogenous ligand of TLR4,
that can amplify phagocyte activation while antibodies
against S100A8 and A9 blocked the LPS-induced phago-
cytes migration [33]. A role of calgranulin A/B complex
in the endotoxin-induced reaction is also supported by
clinical studies having related the S100A8/A9 expression
with suppuratiing respiratory diseases [26], respiratory
distress syndrome [27] and COPD [21].
In the present study, we also showed that the LPS-

induced calgranulin A/B heterodimeric complex was sig-
nificant not only in the sputum but also at the blood
level, representing a more accessible sample. However
the lack of intra-subject repeatability of this parameter
limits its potential interest.
Thus, in healthy subjects, the inhalation of endotoxin

induced a relevant and reproducible expression of spu-
tum calgranulin A/B complex. This biomarker could be
relevant to evaluate the in vivo responsiveness to inhaled
endotoxin in human.
Conclusion
There is no valide and relevant measurable marker of
the inflammatory reponse to endotoxin (a promising
model to evaluate future anti-inflammatory drugs in hu-
man). By proteomic approach we identified the calgra-
nulin A/B heterodimeric complex in the sputum, and we
showed that this response was related with the neutro-
philic response, and that the repeatability was higher for
calgranulin, compared to the neutrophils. The data are
of interest for the researchers developping strategies to
evaluate drugs in their early phase of developement, in
future studies.
Abbreviations
BALF: Bronchoalveolar lavage fluid; COPD: Chronic obstructive pulmonary
disease; CRP: C-reactive protein; DAMP: Damage associated molecular
pattern; ELISA: Enzyme-linked immunosorbent assay; FEV1: Forced expiratory
volume in one second; FVC: Forced vital capacity; HSA: Human serum
albumin; LPS: Lipopolysaccharide; MALDI-TOF: Matrix-assisted laser
desorption/ionisation - time-of-flight mass spectrometry; PBS: Phosphate
buffer saline; PMN: Polymorphonuclear neutrophils; TLR: Toll-like receptor;
TNF: Tumor necrosis factor.
Competing interests
The authors have declared that they have no conflict of interests.
Authors’ contributions
OM: concept of the study, writing of the paper. BP, BB, RW: proteomic
investigation, ELISA (part). DHPD and VD: data collection, contribution to the
writing of the paper. FC: sputum analysis and ELISA (part). All authors read
and approved the final manuscript.
Acknowledgments
R. Wattiez is a Research Associate of the National Funds for Scientific
Research. P. Dinh Hui Duc is supported by the CUD (Commission
Universitaire au Développement).

Author details
1Clinic of Immuno-allergology, CHU Brugmann (ULB), pl Van Gehuchten 4,
B-1020 Brussels, Belgium. 2Hematology, CHU Brugmann (Université Libre de
Bruxelles - ULB), pl Van Gehuchten, 4, B-1020 Brussels, Belgium. 3Department
of Proteomics and Microbiology, University of Mons, Mons, Belgium.
4Microarray Unit, Jules Bordet Institute (ULB), Brussels, Belgium. 5Department
of Immunology, Pham Ngoc Thach University of Medicine (PNTU), Ho Chi
Minh City, Vietnam.

Received: 18 January 2013 Accepted: 11 November 2013
Published: 15 November 2013

References
1. Rylander R: Endotoxins in the environment: a criteria document. Int J

Occup Environ Health 1997, 3(suppl 1):S1–S48.
2. Hasday JD, Bascom R, Costa JJ, et al: Bacterial endotoxin is an active

component of cigarette smoke. Chest 1999, 115:829–835.
3. Perros F, Lambrecht BN, Hammad H: TLR4 signalling in pulmonary stromal

cells is critical for inflammation and immunity in the airways. Respir Res
2011, 12:125.

4. Michel O, Dentener M, Corazza F, et al: Normal subjects express
differences in clinical responses to inhaled lipopolysaccharide wich are
related with inflammation and with atopy. J Allergy Clin Immunol 2001,
107:797–804.

5. Loh LC, Vyas B, Kanabar V, et al: Inhaled endotoxin in healthy human
subjects: a dose-related study on systemic effects and peripheral CD4+ and
CD8+ T cells. Resp Med 2006, 100:519–528.

6. Alexis NE, Eldridge MW, Peden DB: Effect of inhaled endotoxin on airway
and circulating inflammatory cell phagocytosis and CD11b expression in
atopic asthmatic subjects. J Allergy Clin Immunol 2003, 112(2):353–361.

7. Kitz R, Rose MA, Placzek K, et al: LPS inhalation challenge: a new tool to
characterize the infammatory response in humans. Med Microbiol
Immunol 2008, 197:13–19.

8. Groneberg DA, Chung KF: Models of chronic obstructive pulmonary
disease. Respir Res 2004, 5:18–34.

9. van der Merwe R, Molfino NA: Challenge models to assess new therapies
in chronic obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis
2012, 7:597–605.

10. Korsgren M, Linden M, Entwistle N, Cook J, Wollmer P, Andersson M,
Larsson B, Greiff L: Inhalation of LPS induces inflammatory airway
responses mimicking characteristics of chronic obstructive pulmonary
disease. Clin Physiol Funct Imaging 2012, 32(1):71–79.

11. Kline JN, Cowden JD, Hunninghake GW, et al: Variable airway
responsiveness to inhaled lipopolysaccharide. Am J Resp Crit Care Med
1999, 160:297–303.

12. Michel O, Le Van T, Dentener M, et al: Systemic responsiveness to
lipopolyssacharide and polymorphisms in the Toll-like receptor 4 gene
in humans. J Allergy Clin Immunol 2003, 112:928–934.

13. Balbi B, Pignatti P, Corradi M, et al: Bronchoalveolar lavage, sputum and
exhaled clinically relevant inflammatory markers: values in healthy
adults. Eur Respir J 2007, 30:769–781.

14. van der Vaart H, Postma DS, Timens W, et al: Repeated sputum inductions
induce a transient neutrophilic and eosinophilic response. Chest 2006,
130:1157–1164.

15. Doyen V, Kassengera Z, Dinh Duc Hui P, et al: Time course of
endotoxin-induced airways’ inflammation in healthy subjects. Inflammation
2012, 35:33–38.

16. Pavord ID, Pizzichini MMM, Pizzichini E, et al: The use of induced-sputum
to investigate airway inflammation. Thorax 1997, 52:498–501.

17. Wattiez R, Falmagne P: Proteomic of bronchoalveolar lavage fluid.
Chromatogr B Analyt Technol Biomed Life Sci 2005, 815:169–178.

18. Bland JM, Altman DG: Statistical methods to assessing agreement
beween two methods of clinical measurement. Lancet 1986,
1(8476):307–310.

19. Martinez FD: CD14, endotoxin, and asthma risk: actions and interactions.
Proc Am Thorac Soc 2007, 4:221–225.



Michel et al. BMC Pulmonary Medicine 2013, 13:65 Page 9 of 9
http://www.biomedcentral.com/1471-2466/13/65
20. Schwartz DA, Cook DN: Polymorphisms of the Toll-like receptors and
human disease. Clin Infect Dis 2005, 41(Suppl 7):S403–S407.

21. Merkel D, Rist W, Seithler P, et al: Proteomic study of human
bronchoalveolar lavage fluids from smokers with chronic obstructive
pulmonary disease by combining surface-enhanced laser desorption/
ionization-mass spectrometry profiling with mass spectrometric protein
identification. Proteomics 2005, 5:2972–2980.

22. Sloane AJ, Lindner RA, Prasad SS, et al: Proteomic analysis of sputum from
adults and children with cystic fibrosis and from control subjects. Am J
Respir Crit Care Med 2005, 172:1416–1426.

23. Nicholas B, Skipp B, Mould R, et al: Shotgun proteomic analysis of human-induced
sputum. Proteomics 2006, 6:4390–4401.

24. Foell D, Wittkowski H, Vogl T, et al: S100 proteins expressed in
phagocytes: a novel group of damage-associated molecular pattern
molecules. J Leukoc Biol 2007, 81:28–37.

25. Leukert N, Vogl T, Strupat K, et al: Calcium-dependent tetramer formation
of S100A8 and S100A9 is essential for biological activity. J Mol Biol 2006,
359:961–972.

26. Gray RD, MacGregor G, Noble D, et al: Sputum proteomics in inflammatory
and suppurative respiratory diseases. Am J Respir Crit Care Med 2008,
178:444–452.

27. Wittkowski H, Sturrock A, van Zoelen MA, et al: Neutrophil-derived S100A12
in acute lung injury and respiratory distress syndrome. Crit Care Med 2007,
35:1369–1375.

28. Janssen O, Schaumann F, Holz O, Lavae-Mokhtari B, Welker L, Winkler C,
Biller H, Krug N, Hohlfeld JM: Low-dose endotoxin inhalation in healthy
volunteers–a challenge model for early clinical drug development.
BMC Pulm Med 2013, 19. doi:10.1186/1471-2466-13-19.

29. Hofmann MA, Drury S, Fu C, et al: RAGE mediates a novel
proinflammatory axis: a central cell surface receptor for S100/calgranulin
polypeptides. Cell 1999, 97:889–901.

30. Zwadlo G, Brüggen J, Gerhards G, et al: Two calcium-binding proteins
associated with specific stages of myeloid cell differentiation are
expressed by subsets of macrophages in inflammatory tissues. Clin Exp
Immunol 1988, 72:510–515.

31. Ryckman C, Vandal K, Rouleau P, et al: Proinflammatory activities of S100:
proteins S100A8, S100A9, and S100A8/A9 induce neutrophil chemotaxis
and adhesion. J Immunol 2003, 170:3233–3242.

32. Viemann D, Strey A, Janning A, et al: Myeloid-related proteins 8 and 14
induce a specific inflammatory response in human microvascular
endothelial cells. Blood 2005, 105:2955–2962.

33. Vogl T, Tenbrock K, Ludwig S, et al: Mrp8 and Mrp14 are endogenous
activators of Toll-like receptor 4, promoting lethal, endotoxin-induced
shock. Nat Med 2007, 13:1042–1049.

doi:10.1186/1471-2466-13-65
Cite this article as: Michel et al.: Expression of calgranulin A/B
heterodimer after acute inhalation of endotoxin: proteomic approach and
validation. BMC Pulmonary Medicine 2013 13:65.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	General design
	Induced sputum
	Proteomic analysis of the sputum
	Proteins identification
	Calgranulin assays in sputa and sera
	Interferon-gamma (IFN), Interleukin-6 (IL-6) and interleukin-8 (IL-8) assays in sputa
	Statistics

	Results
	The response to inhaled endotoxin in population B

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


